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Clinical PerspectiveWhat Is New?The preprocedural high‐sensitivity troponin T level was the only independent predictor of the recovery of the left ventricular (LV) systolic dysfunction during the late phase after the ablation, and a level of ≤12 pg/mL predicted the recovery of the LV dysfunction with a high accuracy.The preprocedural echocardiographic parameters could not differentiate between the responders and nonresponders.The preprocedural high‐sensitivity troponin T levels did not correlate with any preprocedural echocardiographic parameters, but did with the ΔLV ejection fraction and ΔLV end‐diastolic diameter.What Are the Clinical Implications?The preprocedural high‐sensitivity troponin T level could be an indicator for predicting the reversibility of the LV systolic dysfunction, which might aid in discriminating between arrhythmia‐induced cardiomyopathy and dilated cardiomyopathy.

 {#jah34938-sec-0008}

Nonstandard Acronyms and Abbreviations**ACEI** angiotensin‐converting‐enzyme inhibitor**AF** atrial fibrillation**AFL** atrial flutter**AIC** arrhythmia‐induced cardiomyopathy**ARB** angiotensin 2 receptor blocker**BNP** brain natriuretic peptide**CFAEs** continuous fractionated atrial electrograms**DCM** dilated cardiomyopathy**hs‐TnT** high‐sensitive troponin T**LAD** left atrial diameter**LV** left ventricular**LVEF** left ventricular ejection fraction**LVDd** left ventricular end‐diastolic diameter**LVDs** left ventricular end‐systolic diameter**OR** odds ratio

 {#jah34938-sec-0009}

It has been widely accepted that left ventricular (LV) systolic dysfunction is reversible in a part of the patients once the arrhythmia is controlled, which is called arrhythmia‐induced cardiomyopathy.[1](#jah34938-bib-0001){ref-type="ref"} The LV ejection fraction (LVEF) is a well‐known powerful factor for predicting the clinical outcome in patients with a reduced LVEF, and an improved or recovered LVEF by medical therapy contributes to a lower mortality and less frequent hospitalizations.[2](#jah34938-bib-0002){ref-type="ref"} Catheter ablation of atrial fibrillation (AF) is gaining a significant role in heart failure treatment of patients with concomitant AF and atrial flutter (AFL), as confirmed by the guidelines,[3](#jah34938-bib-0003){ref-type="ref"}, [4](#jah34938-bib-0004){ref-type="ref"} and the superiority over antiarrhythmic drug therapy with respect to the mortality, hospitalizations, exercise capacity, and quality of life, has been reported in randomized control trials and meta‐analyses.[3](#jah34938-bib-0003){ref-type="ref"}, [5](#jah34938-bib-0005){ref-type="ref"}, [6](#jah34938-bib-0006){ref-type="ref"}, [7](#jah34938-bib-0007){ref-type="ref"} However, in patients with AF and a reduced LVEF, there have been no absolute parameters that can distinguish arrhythmia‐induced cardiomyopathy from dilated cardiomyopathy before the procedure. A few studies found that a smaller LV chamber size and less advanced ventricular fibrosis, which were evaluated by gadolinium‐enhanced cardiac magnetic resonance imaging, predicted the improvement in the LV systolic function after AF ablation; however, a quantitative analysis is often challenging, and a simpler predictor is required in clinical practice.[8](#jah34938-bib-0008){ref-type="ref"}, [9](#jah34938-bib-0009){ref-type="ref"}, [10](#jah34938-bib-0010){ref-type="ref"} The purpose of the present study was to explore the simple parameters predicting the reversibility of LV systolic dysfunction after catheter ablation of AF/AFL in patients with a reduced LVEF and concomitant AF/AFL.

Methods {#jah34938-sec-0010}
=======

Study Population {#jah34938-sec-0011}
----------------

The data that support the findings of this study are available from the corresponding author upon reasonable request. This was a single‐center, retrospective cohort analysis. Among 891 consecutive patients who underwent catheter ablation of AF/AFL in our hospital between January 2014 and December 2018, 40 with a reduced LVEF (\<50%) before the catheter ablation in whom echocardiographic follow‐up data were available at \>3 months after the procedure, and a repeat procedure was not performed within 3 months of the blanking period. Two patients with implanted cardiac resynchronization therapy devices and those with renal failure on hemodialysis were excluded in advance. Finally, a total of 40 patients (AF/AFL/AF+AFL=30/6/4) were included in this study. The study complied with the Declaration of Helsinki. All patients gave their written informed consent. The study protocol was approved by the hospital\'s institutional review board. The data that support the findings of this study are available from the first author upon reasonable request.

Medical Treatment and Evaluation of the LV Function {#jah34938-sec-0012}
---------------------------------------------------

All patients with AF/AFL and heart failure were on optimal tolerated medical therapy, which included angiotensin‐converting enzyme inhibitors or angiotensin receptor blockers, β‐blockers, diuretics, and digoxin when appropriate according to the guidelines.[11](#jah34938-bib-0011){ref-type="ref"}

Transthoracic echocardiography was performed before, within 4 days (early phase), and at \>3 months after the procedure (late phase) in all patients. A reduced LVEF was defined as an LVEF \<50%, including heart failure with a reduced LVEF and midrange LVEF according to the latest guidelines.[11](#jah34938-bib-0011){ref-type="ref"} A recovery of the LV dysfunction was defined as a normalization of the LVEF (≥50%) during the late phase after the ablation. The LVEF was measured by the Simpson method or M‐mode using transthoracic echocardiography by independent technicians unaware of this study.

The serum high‐sensitivity troponin T (hs‐TnT) levels were analyzed using a highly sensitive quantitative electrochemiluminescence immunoassay (Elecsys 2010; Roche Diagnostics, Mannheim, Germany). The lower limit of detection of the high‐sensitivity assay was 3 pg/mL. The value of the hs‐TnT levels at the 99th percentile in healthy populations is reported to be 14 pg/mL.[12](#jah34938-bib-0012){ref-type="ref"} The plasma level of the high‐sensitivity C‐reactive protein and brain natriuretic peptide were also measured.

Catheter Ablation and Follow‐Up {#jah34938-sec-0013}
-------------------------------

The procedure was performed under moderate sedation obtained with dexmedetomidine. A bolus of 5000 U of heparin was administered immediately following the venous access, and heparinized saline was additionally infused to maintain the activated clotting times at 300 to 350 seconds. A single transseptal puncture was performed using a radiofrequency needle (Baylis Medical., Montreal, Quebec, Canada). Pulmonary vein isolation was performed with either a 28‐mm second‐generation cryoballoon (Arctic Front Advance, Medtronic, Minneapolis, MN) or contact force‐sensing irrigated‐tip radiofrequency catheter (SmartTouch Surround Flow, Biosense Webster, Diamond Bar, CA) guided by a 3‐dimensional mapping system (CARTO3, Biosense Webster). Bidirectional conduction block was created at the cavo‐tricuspid isthmus, and additional substrate modification was performed according to the operators' preference.

After the procedure, we continued in‐hospital electrocardiographic monitoring for 3 to 5 days. Regular follow‐up by outpatient clinic visits was performed at 1 and 3 months after the procedure. Subsequent follow‐up visits consisted of a clinical interview, 12‐lead ECG, and/or 24‐hour Holter ECG recordings every 3 months. Recurrence was defined if an atrial arrhythmia lasting longer than 30 seconds was documented after a 3‐month blanking period following the latest guidelines.[4](#jah34938-bib-0004){ref-type="ref"}

Statistical Analysis {#jah34938-sec-0014}
--------------------

Continuous data are expressed as means±SD for normally distributed variables or the median \[25th, 75th percentiles\] for nonnormally distributed variables, and were compared using a Student *t* test or Mann--Whitney *U* test, respectively. Categorical variables were compared using the chi‐square test. A paired t test was used when the subject was measured repeatedly. Statistical analysis of the echocardiographic parameters was initially analyzed using a repeated measures ANOVA. When group differences were found, a 1‐way ANOVA with a Tukey‐Kramer paired comparison method was used. A Pearson\'s correlation coefficient was used to determine the relationship between the hs‐TnT levels and other variables. A multivariate stepwise logistic regression model was built to identify the independent preprocedure clinical parameters with an LVEF improvement, associated with an entry criterion of *P*\<0.1 of the model in the univariate analysis. To evaluate the predictive value of the hs‐TnT levels for the discrimination of the responders from the nonresponders, a receiver operating characteristic analysis was used, the area under the curve was calculated, and the possible cutoff points were selected. A *P* value of *P*\<0.05 was considered statistically significant.

Results {#jah34938-sec-0015}
=======

Catheter Ablation, Patient Characteristics, and Measurements Parameters {#jah34938-sec-0016}
-----------------------------------------------------------------------

Catheter ablation was performed in all patients, and no procedural complications were observed except for transient gastric hypomotility in 2 patients. The LVEF increased at 1.2±0.6 days after the ablation (early phase: 39.8±8.8 to 50.9±10.9 \[%\]; *P*\<0.0001). Furthermore, the LVEF during the early phase after the ablation further increased at 9.7±8.1 months after the ablation (late phase: 50.9±10.9 to 56.2±12.2 \[%\]; *P*=0.001). Sinus rhythm was maintained until the late phase of the follow‐up period in all patients. On the basis of the results of the LVEFs during the late phase after the ablation, the patients were divided into 2 groups: patients whose LVEF was normalized (≥50%; n=30 \[75%\]; responders) and those with an LVEF \<50% (n=10 \[25%\]; nonresponders).

The patient characteristics are shown in Table [1](#jah34938-tbl-0001){ref-type="table"}. No significant difference was found in the ablation methods or baseline (preprocedural) echocardiographic parameters between the responders and nonresponders. However, the baseline brain natriuretic peptide levels (*P*=0.01) and hs‐TnT (*P*=0.00008) were lower in the responders than in the nonresponders.

###### 

Patient Clinical Characteristics

                                        Nonresponders (n=10)   Responders (n=30)   *P* Value
  ------------------------------------- ---------------------- ------------------- -----------
  Age, y                                69.8±10.9              65.0±10.6           0.23
  Male sex, n (%)                       8 (80.0)               24 (80.0)           1.00
  Height, cm                            164.1±12.8             166.9±9.4           0.46
  Weight, kg                            66.7±26.5              68.4±10.4           0.77
  Body mass index, kg/m^2^              24.1±5.9               24.5±3.1            0.76
  Coronary artery disease, n (%)        2 (20.0)               6 (20.0)            1.0
  Hypertension, n (%)                   7 (70.0)               12 (40.0)           0.10
  Diabetes mellitus, n (%)              5 (50.0)               9 (30.0)            0.25
  Ablation methods                                                                 0.36
  Radiofrequency ablation, n (%)        9 (90.0)               23 (76.7)           
  Cryoballoon, n (%)                    1 (9.0)                7 (23.3)            
  Details of ablation procedures                                                   
  Pulmonary vein isolation, n (%)       10 (90.0)              25 (83.3)           0.61
  Cavo‐tricuspid isthmus, n (%)         10 (90.0)              26 (86.7)           0.78
  Superior vena cava isolation, n (%)   1 (9.0)                0 (0)               0.08
  Mitral isthmus line ablation, n (%)   4 (40.0)               12 (40.0)           1.0
  Roof line ablation, n (%)             5 (50.0)               10 (33.3)           0.35
  Bottom line ablation, n (%)           0 (0)                  1 (3.3)             0.56
  CFAEs ablation, n (%)                 3 (30.0)               3 (10.0)            0.13
  Nonpulmonary vein foci, n (%)         1 (9.0)                2 (6.7)             0.73
  Physiological function test                                                      
  Heart rate, bpm                       81.1±25.4              94.3±24.9           0.16
  LV ejection fraction, %               37.7±11.1              40.5±8.0            0.38
  LV end‐diastolic diameter, mm         54.7±6.6               51.1±5.0            0.08
  LV end‐systolic diameter, mm          43.7±8.3               40.3±4.4            0.10
  Left atrial diameter, mm              45.4±5.4               42.2±4.3            0.08
  Laboratory test                                                                  
  Brain natriuretic peptide, pg/mL      260.2±193.0            132.4±107.0         0.01
  C‐reactive protein, mg/dL             1.10±3.08              0.24±0.37           0.13
  High‐sensitivity troponin T, pg/mL    21.2±10.1              9.4±6.2             0.00008
  Creatinine, mg/dL                     1.15±0.26              0.99±0.22           0.07

Values are reported as the mean±standard deviation or number of patients (%) unless otherwise noted. CFAEs indicates continuous fractionated atrial electrograms; and LV, left ventricular.

The medications received before and after the ablation are shown in Table [2](#jah34938-tbl-0002){ref-type="table"}. The responders received diuretics less frequently than the nonresponders both before (*P*=0.03) and after (*P*=0.001) the ablation (Table [2](#jah34938-tbl-0002){ref-type="table"}). Five (41.7%) responders who had received diuretics before the ablation could stop taking them after the ablation. However, in 8 (80.0%) nonresponders receiving diuretics before the ablation, none could discontinue the administration of the diuretics after the ablation.

###### 

Medications Before and After the Ablation Procedure

                                  Nonresponders (n=10)   Responders (n=30)   *P* Value
  ------------------------------- ---------------------- ------------------- -----------
  Preprocedure                                                               
  Diuretics, n (%)                8 (80.0)               12 (40.0)           0.03
  ACEI or ARB, n (%)              5 (45.5)               9 (30.0)            0.25
  β‐Blocker, n (%)                8 (72.7)               23 (76.7)           0.70
  Aldosterone antagonist, n (%)   4 (36.4)               4 (13.3)            0.20
  Antiarrhythmic drug, n (%)      7 (63.6)               16 (53.3)           0.71
  Type I, n (%)                   1 (9.1%)               10 (33.3)           
  Type III, n (%)                 6 (54.5)               6 (20.0)            
  Postprocedure                                                              
  Diuretics, n (%)                8 (80.0)               7 (23.3)            0.001
  ACEI or ARB, n (%)              4 (36.3)               14 (46.7)           0.71
  β‐Blocker, n (%)                7 (63.6)               20 (66.7)           0.70
  Aldosterone antagonist, n (%)   4 (36.4)               5 (16.7)            0.16
  Antiarrhythmic drug, n (%)      6 (54.5)               11 (16.7)           0.46
  Type I, n (%)                   1 (9.1)                4 (13.3)            0.76
  Type III, n (%)                 5 (45.5)               8 (26.7)            0.43

Values are reported as the number of patients (%) unless otherwise noted. ACEI indicates angiotensin‐converting‐enzyme inhibitor; ARB, angiotensin 2 receptor blocker.

Changes in the Echocardiographic Parameters After the Ablation {#jah34938-sec-0017}
--------------------------------------------------------------

The time‐course pattern during the follow‐up period of the LV end‐systolic diameter (LVDs; *P*=0.006) and left atrial diameter (LAD; *P*=0.05) as well as LVEF (*P*\<0.0001) differed between the responders and nonresponders (Figure [1](#jah34938-fig-0001){ref-type="fig"}). Before and at early and late phases after the ablation, the LVDs as well as LVEF was smaller in the responders than in the nonresponders (all for *P*\<0.05).

![**The serial changes in the left ventricular ejection fraction (LVEF), left ventricular end‐diastolic diameter (LVDd), left ventricular end‐systolic diameter (LVDs), and left atrial diameter (LAD) before and after the ablation.**\
The red and blue lines indicate the responders and nonresponders, respectively.](JAH3-9-e015126-g001){#jah34938-fig-0001}

Predictors of an LVEF Improvement {#jah34938-sec-0018}
---------------------------------

A multivariable logistic regression analysis with a stepwise selection revealed that the preprocedural hs‐TnT level was the only independent predictor of the LVEF improvement (LVEF ≥50%) during the late phase after the ablation (odds ratio, 1.17; 95% CI, 1.06--1.33; *P*=0.001; Table [3](#jah34938-tbl-0003){ref-type="table"}). By a receiver operator characteristic analysis, an hs‐TnT level of 12 pg/mL was the threshold value for a recovery of the LVEF with a 90.0% sensitivity, 76.7% specificity, 56.3% positive predictive value, and 95.8% negative predictive value (area under the curve, 0.83; *P*=0.004; Figure [2](#jah34938-fig-0002){ref-type="fig"}A). The baseline hs‐TnT levels in the nonresponders were greater than those in the responders (*P*\<0.0001; Figure [2](#jah34938-fig-0002){ref-type="fig"}B). An LVEF improvement was achieved in 92.3% of the patients with a preprocedural hs‐TnT level of ≤12 pg/mL.

###### 

Predictors of an LVEF Improvement in the Multivariate Stepwise Logistic Regression Analysis

                  Univariate Analysis   Multivariate Analysis                                
  --------------- --------------------- ----------------------- -------- ------ ------------ -------
  Diuretics, n    6.00                  1.24--44.56             0.02                         
  LVDd, mm        1.16                  0.99--1.31              0.08     1.10   0.97--1.33   0.11
  LAD, mm         1.18                  0.99--1.46              0.06                         
  BNP, pg/mL      1.01                  1.00--1.01              0.02                         
  hs‐TnT, pg/mL   1.16                  1.06--1.31              0.0007   1.17   1.06--1.33   0.001

Values are reported as the CI and odds ratio. BNP indicates brain natriuretic peptide; hsTnT, high‐sensitivity troponin T; LAD, left atrial diameter; LVDd, left ventricular end‐diastolic diameter.

![**Receiver operating characteristic curve for the serum level of high‐sensitivity troponin T (hs‐TnT) to predict a recovery of the left ventricular dysfunction and the serum levels of the hs‐TnT in the responders and non‐responders.**\
**A.** Receiver operating characteristic curve showing the accuracy of the serum level of hs‐TnT for predicting a recovery of the left ventricular dysfunction (ejection fraction ≥50%) after the ablation. The red arrow indicates the best cutoff value of the hs‐TnT level predicting a significant LVEF increase after the procedure. **B.** The blue bars indicate the average hs‐TnT level in the non‐responders and responders. Each black dot indicates the hs‐TnT value in each patient. The red line is the best cutoff value of the hs‐TnT level (≤12 pg/ml) to predict a recovery of the left ventricular dysfunction during the late phase after the procedure.](JAH3-9-e015126-g002){#jah34938-fig-0002}

The magnitude of the LVEF improvement during the late phase after the ablation from the baseline (ΔLVEF) was significantly greater in the patients with an hs‐TnT value of ≤12 pg/mL (20.8±9.7%) than in those without (hs‐TnT \>12 pg/mL; 8.1±10.4%; *P*=0.0007). The patients with a low hs‐TnT level (≤12 pg/mL) were older (*P*=0.04) and received diuretics (*P*=0.008) less frequently than those without (Table [4](#jah34938-tbl-0004){ref-type="table"}). However, the preprocedural echocardiographic parameters were comparable between the patients with an hs‐TnT value of ≤12 pg/mL and those without.

###### 

Clinical Parameters in Patients With Low (≤12 pg/mL) and High (\>12 pg/mL) Levels of the hs‐TnT

                                     Low TnT Group (n=26)   High TnT Group (n=14)   *P* Value
  ---------------------------------- ---------------------- ----------------------- -----------
  Age, y                             63.7±10.8              70.9±9.8                0.04
  Male sex, n (%)                    21 (80.8)              12 (85.7)               0.87
  Height, cm                         167.6±9.3              163.6±11.8              0.25
  Weight, kg                         68.9±10.8              66.3±22.3               0.62
  Body mass index, kg/m^2^           24.5±3.1               24.3±5.2                0.90
  Coronary artery disease, n (%)     4 (15.4)               4 (28.6)                0.32
  Hypertension, n (%)                10 (38.5)              9 (64.3)                0.12
  Diabetes mellitus, n (%)           7 (26.9)               7 (50.0)                0.14
  Medications                                                                       
  Diuretics, n (%)                   9 (34.6)               11 (78.6)               0.008
  ACEI or ARB, n (%)                 8 (30.8)               6 (42.9)                0.44
  β‐Blocker, n (%)                   21 (80.8)              9 (64.3)                0.25
  Aldosterone antagonist, n (%)      3 (11.5)               4 (28.6)                0.18
  Antiarrhythmic drug, n (%)         16 (61.5)              6 (42.9)                0.26
  Type I, n (%)                      10 (38.5)              1 (7.1)                 
  Type III, n (%)                    6 (23.1)               5 (35.7)                
  Ablation methods                                                                  0.14
  Radiofrequency ablation, n (%)     19 (73.1)              13 (92.9)               
  Cryoballoon, n (%)                 7 (26.9)               1 (7.1)                 
  Physiological function test                                                       
  Heart rate, bpm                    92.4±24.1              88.4±28.3               0.55
  LV ejection fraction, %            39.6±8.3               40.2±10.0               0.93
  LV end‐diastolic diameter, mm      51.8±4.9               52.5±6.7                0.96
  LV end‐systolic diameter, mm       40.8±4.9               41.8±7.2                0.99
  Left atrial diameter, mm           42.3±4.4               44.5±5.3                0.48
  Laboratory test                                                                   
  Brain natriuretic peptide, pg/mL   131.9±113.3            224.6±173.3             0.14
  C‐reactive protein, mg/dL          0.25±0.37              0.83±2.61               0.32
  Creatinine, mg/dL                  0.98±0.19              1.12±0.30               0.15

Values are reported as the mean±standard deviation or number of patients (%) unless otherwise noted. ACEI indicates angiotensin‐converting enzyme inhibitor; ARB, angiotensin 2 receptor blocker; hs‐TnT, high‐sensitivity troponin T; and LV, left ventricular.

Relationship Between the Preprocedural hs‐TnT Level and Echocardiographic Parameters {#jah34938-sec-0019}
------------------------------------------------------------------------------------

The preprocedural hs‐TnT level was not correlated with the preprocedural LVEF (*r*=−0.097; *P*=0.55), left ventricular end‐diastolic diameter (*r*=0.11; *P*=0.49), or LVDs (*r*=0.16; *P*=0.32). A weak positive correlation was found in the preprocedural hs‐TnT level and preprocedural LAD (*r*=0.37; *P*=0.02).

The preprocedural hs‐TnT level was not correlated with the changes in the left ventricular end‐diastolic diameter (*r*=0.068; *P*=0.68) or LAD (*r*=0.12; *P*=0.47) from the baseline to the late phase after the ablation (Figure [3](#jah34938-fig-0003){ref-type="fig"}). However, it significantly correlated with from the changes in the LVEF (ΔLVEF; *r*=−0.47; *P*=0.002) and LVDs (ΔLVDs; *r*=0.37; *P*=0.02) from baseline to the late phase after the ablation (Figure [3](#jah34938-fig-0003){ref-type="fig"}).

![**Correlations between the serum high‐sensitivity troponin T (hs‐TnT) level and changes in the echocardiographic parameters from baseline to the late phase after the ablation.**\
The red and blue circles indicate the responders and non‐responders, respectively. LAD indicates left atrial diameter; LVDd(s), left ventricular end‐diastolic (end‐systolic) diameter; and LVEF, left ventricular ejection fraction.](JAH3-9-e015126-g003){#jah34938-fig-0003}

Long‐Term Outcome After the Ablation {#jah34938-sec-0020}
------------------------------------

During a mean follow‐up of 20.3±14.1 months, a total of 8 (20%) patients including 5 (50%) nonresponders and 3 (10%) responders (*P*=0.01), experienced recurrent AF. None of the responders were hospitalized due to heart failure. However, 2 nonresponders experienced hospitalizations attributable to heart failure. Both patients had recurrent AF, and the preprocedural hs‐TnT levels exceeded the cutoff value of 12 pg/mL (30 and 36 pg/mL). No patients had any thromboembolic events or death during a long‐term follow‐up period.

Discussion {#jah34938-sec-0021}
==========

Major Findings {#jah34938-sec-0022}
--------------

The results of this study that included AF/AFL patients with LV systolic dysfunction undergoing catheter ablation demonstrated the following: (1) After the ablation and restoration of sinus rhythm, the LVEF progressively improved, and it normalized during the late phase after the ablation in 75% of the patients (responders); (2) the preprocedural echocardiographic parameters could not tell the difference between the responders and nonresponders; (3) the preprocedural hs‐TnT level was the only independent predictor of the recovery of the LV systolic dysfunction during the late phase after the ablation, and its level of ≤12 pg/mL predicted the recovery of the LV dysfunction with a high accuracy; and (4) the preprocedural hs‐TnT levels did not correlate with any preprocedural echocardiographic parameters but did with the ΔLVEF and ΔLVDs. These findings indicated that the preprocedural hs‐TnT level is a simple and reliable predictor of the reversibility of the LV systolic dysfunction after catheter ablation of AF/AFL.

Cardiac Troponins {#jah34938-sec-0023}
-----------------

Cardiac troponins are sensitive markers of cardiac injury and have been widely used for the diagnosis of acute coronary syndrome. However, recent evidence using the developed assay with an improved sensitivity suggest that cardiac troponins can be elevated in chronic disease states, including stable coronary arterial disease, heart failure,[13](#jah34938-bib-0013){ref-type="ref"} and AF/AFL, and apparently healthy subjects.[14](#jah34938-bib-0014){ref-type="ref"} However, the origin behind an elevated cardiac troponin level is still under debate, and the pathophysiology behind the serum troponin T may be distinct from that seen during myocardial infarctions. It may be attributable to mechanisms such as an oxygen demand/mismatch and myocardial ischemia, volume and pressure overloads, changes in the microvascular blood flow, atrial calcium overload, oxidative stress, or alterations in the tissue structure.[15](#jah34938-bib-0015){ref-type="ref"} The results are consistent in patients with dilated cardiomyopathy: persistently increasing troponin T concentrations were associated with ongoing deterioration of the cardiac function and adverse outcomes in patients with dilated cardiomyopathy,[16](#jah34938-bib-0016){ref-type="ref"} and the patients with elevated hs‐TnT values (\>14 pg/mL) had significantly more frequent cardiac events than did those with normal values.[17](#jah34938-bib-0017){ref-type="ref"} These data suggested that troponin T was a quantitative marker that could indicate the presence of injury and the extent of damage to myocardial cells, and that an elevated troponin T level indicated persistent subclinical myocyte degeneration.

In patients with heart failure and/or AF/AFL, elevated troponin levels are also associated with more severe disease and a worse outcome.[16](#jah34938-bib-0016){ref-type="ref"}, [18](#jah34938-bib-0018){ref-type="ref"}, [19](#jah34938-bib-0019){ref-type="ref"} In the present study, the preprocedural echocardiographic parameters were comparable between the responders and nonresponders, but the hs‐TnT level was lower in the responders than nonresponders. Furthermore, the preprocedural hs‐TnT level was the only independent predictor of the recovery of the LV function after the ablation. The magnitude of reverse remodeling of the LVDs and LAD following the ablation was greater in the responders than in the nonresponders, and the preprocedural hs‐TnT levels correlated with the ΔLVEF and ΔLVDs. These data suggested that a preprocedural hs‐TnT level, not a preprocedural echocardiographic parameter, was a sensitive and useful predictor of reverse structural remodeling including the recovery of the LV dysfunction in AF/AFL patients with LV systolic dysfunction following the ablation. It is well known that reverse structural remodeling more likely occurs in patients who have a relatively healthy myocardium with less fibrosis.[10](#jah34938-bib-0010){ref-type="ref"} In this study, the responders might have had a healthier myocardium with less fibrosis than the nonresponders, and the preprocedural hs‐TnT levels could detect latent myocardial damage.[19](#jah34938-bib-0019){ref-type="ref"}

Reverse Structural Remodeling and Cardiac Troponins {#jah34938-sec-0024}
---------------------------------------------------

The present study showed that the LVEF significantly improved by 16.4% during the late phase after catheter ablation of AF/AFL. This was in line with the 8% to 18% improvement in the LVEF after AF ablation in patients with systolic dysfunction in the prior studies,[10](#jah34938-bib-0010){ref-type="ref"}, [20](#jah34938-bib-0020){ref-type="ref"} suggesting that the baseline patient characteristics and medical therapy in the present study were similar to the other studies.

With the restoration and maintenance of sinus rhythm, some AF patients with LV systolic dysfunction have an sufficient improvement in the cardiac dysfunction and reverse structural remodeling, but others do not.[21](#jah34938-bib-0021){ref-type="ref"}, [22](#jah34938-bib-0022){ref-type="ref"} For predicting AF recurrences after the ablation, several parameters, including the LA size and AF type and duration, have been reported. However, few studies have focused on AF/AFL patients with LV systolic dysfunction or attempted to clarify the predictors of reverse structural remodeling after ablation. Further, no studies have examined the relationship between the hs‐TnT levels and reverse structural remodeling in those patients. In the present study, we demonstrated for the first time that the preprocedure hs‐TnT level could predict reverse remodeling including the recovery of the LV dysfunction after AF/AFL ablation. The preprocedural echocardiographic parameters were not useful for predicting the reverse remodeling.

In the present study, the LVEF and LVDs progressively improved after the ablation, but the reduction in the LAD became apparent \>3 months after the ablation in the responders. Previous studies also reported the same findings, indicating the time discrepancy of the reverse remodeling between the atrium and ventricle.[23](#jah34938-bib-0023){ref-type="ref"}, [24](#jah34938-bib-0024){ref-type="ref"} We think that an interruption in the vicious circle between AF and heart failure and restoration of regular cardiac cycles might make a relatively faster reverse remodeling of the ventricle possible in patients with LV systolic dysfunction. However, it might take a longer time to reverse structural remodeling of the atria in those patients.

Clinical Implications {#jah34938-sec-0025}
---------------------

In clinical practice, predicting the reversibility of LV systolic dysfunction after treatment of AF/AFL is often challenging before the procedure. Our study clarified that the preprocedural hs‐TnT level could be an indicator predicting the reversibility of the LV systolic dysfunction, which might aid in discriminating between arrhythmia‐induced cardiomyopathy and dilated cardiomyopathy. Moreover, it is a preprocedural predictor, and might be independent of the preprocedural echocardiographic parameters. The measurement of the hs‐TnT level is easy and available in the vast majority of hospitals. The general availability of cardiac troponin measurements for routine care in most hospitals worldwide makes cardiac troponin a very attractive candidate for use to identify patients with arrhythmia‐induced cardiomyopathy (responders) among the patients with a reduced LVEF.

Limitations {#jah34938-sec-0026}
-----------

This study had some limitations. First, this was a single‐center retrospective study, and the sample size was relatively small. This may alter the power of the statistical analysis, and several confounding parameters could potentially interact with the results. The results need to be consolidated in a prospective study. Second, the hs‐TnT level after the ablation was not measured, and its utility was unclear. However, the magnitude of the myocardial injury, including the hs‐TnT levels, differ with the different energy sources of AF ablation,[25](#jah34938-bib-0025){ref-type="ref"} and the assessment of the postprocedural hs‐TnT levels might be difficult in the era of radiofrequency and balloon ablation. Third, gadolinium‐enhanced cardiac magnetic resonance imaging was not performed in this study because of the high cost and lack of reimbursement for AF patients in Japan.

Conclusions {#jah34938-sec-0027}
===========

The LV systolic function significantly improved after catheter ablation of AF/AFL in patients with LV systolic dysfunction and concomitant AF/AFL. The preprocedural serum hs‐TnT level might be a simple and useful preprocedural parameter predicting the reversibility of LV systolic function.
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